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METHOD AND APPARATUS FOR REDUCING 
LEAKAGE CURRENT IN AN SRAM ARRAY 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to memory arrays 
and, more particularly, to a method and apparatus for 
reducing leakage current in an SRAM array. 
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BACKGROUND OF THE INVENTION 

Modern electronic equipment, such as televisions, 
telephones, radios, and computers are generally 
constructed of solid state devices. Solid state devices 
include transistors, capacitors, resistors, and other 
semiconductor devices. Typically, such devices are 

fabricated on a substrate and interconnected to form 
memory arrays, logic structures, timers, and other 
components of an integrated circuit. One type of memory 
array is a static random access memory (SRAM) in which 
memory cells are continuously available for reading and 
writing data. As technology improves, SRAM cells and 
other components are fabricated at smaller sizes and with 
greater on-chip integration. 

The increasing level of on-chip integration has 
allowed steady improvements in modern microprocessor 
performance, but has also resulted in high energy 
dissipation in integrated circuits. In complementary 
metal-oxide-silicone (CMOS) circuits, high transistor- 
switching speeds can be achieved by reducing the supply 
voltage, which proportionately reduces the transistor 
threshold voltage. However, decreasing the transistor 
threshold voltage may increase the amount of "static" or 
"leakage" power dissipated by the CMOS circuit. As 
transistor threshold voltages continue to be reduced in 
emerging technologies, leakage power is becoming a 
sizable percentage of the total power consumed in CMOS 
circuits . 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, a method 
and apparatus for reducing leakage current in an SRAM 
array are provided that substantially eliminate or reduce 
the disadvantages and problems associated with previously 
developed methods and apparatuses. 

According to one embodiment, a memory array 
including a bit cell row, a strap cell row, a first power 
supply line, and a first offset supply line is provided. 
The bit cell row includes a bit cell that includes a 
first transistor disposed in a first bit cell body 
region. The first transistor includes a first active 
W region. The strap cell row includes a strap cell that 

U includes a first strap cell body region. The first strap 

15 cell body region is conductively coupled to the first bit 

cell body region. The first power supply line is 
electrically coupled to the first active region and 
W provides a first supply voltage potential to the first 

5 active region. The first offset supply line is 

20 electrically coupled to the first strap cell body region 

and provides a first offset voltage potential to the 
first bit cell body region via the first strap cell body 
region. The first supply voltage potential is operable 
to be different from the first offset voltage potential. 
25 According to another embodiment, a method of 

reducing memory array leakage current is provided. The 
method includes providing a memory array including a bit 
cell and a strap cell. The bit cell includes a first 
transistor disposed in a first bit cell body region. The 
first transistor includes a first active region. The 
strap cell includes a first strap cell body region that 
is conductively coupled to the first bit cell body 
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region. . The method further includes applying a first 
supply voltage potential to "the first active region. The 
method further includes applying a first offset voltage 
potential to the first bit cell body region via the first 
strap cell body region. The first supply voltage 
potential is operable to be different from the first 
offset voltage potential. 

Various embodiments of the present invention may 
benefit from numerous technical advantages. It should be 
noted that one or more embodiments may benefit from some, 
none, or all of the advantages discussed below. 

One technical advantage of the invention is that 
leakage current in a memory array may be reduced by 
increasing the low power supply voltage applied to the 
source of a transistor in the memory cell with respect to 
a substrate supply voltage applied to the substrate of 
the memory cell, and/or decreasing the high power supply 
voltage applied to the source of another transistor in 
the memory cell with respect to an n-well supply voltage 
applied to the n-well of the memory cell. In particular, 
the low and high power supply voltages may be maintained 
or controlled separately from the substrate and n-well 
supply voltages, respectively. 

Another technical advantage is that the low and high 
power supply voltages applied to the memory array may be 
maintained or controlled separately from the low and high 
power supply voltages applied to a peripheral circuit, 
such as a logic circuit. 

Another technical advantage is that one or more of 
the voltages applied to the memory array may be 
controlled during different modes of the memory array or 
particular bit cells, including a standby mode and an 
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active mode, in order to control or to maximize the 
reduction of leakage current in the memory array. 

Another technical advantage is that a strap cell 
having a structure that substantially mimics or emulates 
the structure of surrounding bit cells in the memory 
array may be used to provide the substrate and n-well 
supply voltages separate from the low and high power 
supply voltages applied to the memory array. This 
provides the advantage of more uniform patterning and 
processing of bit cells adjacent to the strap cell. 

Another technical advantage is that the layout of 
the memory array allows a relatively wide spacing of 
strap cell rows, which may reduce the cost of including 
strap cells in a memory array. 

Another technical advantage is that the well 
voltages within the memory array, including for example 
the n-well and substrate voltages, may be controlled such 
that latch-up and cell upsets may be reduced or 
minimized . 

Other technical advantages will be readily apparent 
to one skilled in the art from the following figures, 
descriptions, and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and for further features and advantages, 
reference is now made to the following description, taken 
in conjunction with the accompanying drawings, in which: 

FIGURE 1 is a top plan view of a memory array in 
accordance with an embodiment of the present invention. 

FIGURE 2 is a diagrammatic, cross - sectional , side 
view of a portion of a bit cell in accordance with an 
embodiment of the present invention; 

FIGURE 3 is a diagrammatic, cross-sectional, side 
view of a portion of a strap cell adjacent the bit cell 
shown in FIGURE 2 in accordance with an embodiment of the 
present invention; 

FIGURE 4 is top plan view of a bit cell illustrating 
the substrate/well layer and a first conductive layer of 
the bit cell in accordance with an embodiment of the 
present invention; 

FIGURE 4a is top plan view of the bit cell of FIGURE 
4 illustrating a second and third conductive layer of the 
bit cell in accordance with an embodiment of the present 
invention; 

FIGURE 5 is top plan view of a strap cell 
illustrating the substrate/well layer and a first 
conductive layer of the strap cell in accordance with an 
embodiment of the present invention; 

FIGURE 5a is top plan view of the strap cell of 
FIGURE 5 illustrating a second and third conductive layer 
of the strap cell in accordance with an embodiment of the 
present invention; and 
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FIGURE 6 illustrates a method of reducing leakage 
current in a memory array in accordance with an 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a top plan view of a memory array 10 in 
accordance with an embodiment of the present invention. 
Memory array 10 includes a plurality of cells 12 arranged 
in one or more cell rows 14 and one or more cell columns 
16. Cell rows 14 include a plurality of bit cell rows 18 
and one or more strap cell rows 20. Memory array 10 
further includes a plurality of word lines 22 and a 
plurality of bit lines 24 coupled to cells 12 via a 
plurality of contacts as discussed below. Memory array 
\* io may be an SRAM array, such as, for example, a six- 

transistor or a four-transistor SRAM array. However, it 
should be noted that memory array 10 may be a RAM, ROM, 
il PROM, EPROM, EPROM/ Flash , or DRAM array, or any other 

™ 15 type of memory array without departing from the present 

invention. 

Each bit cell row 18 includes a plurality of bit 
cells 26, and each strap cell row 20 includes a plurality 
of strap cells 28. For purposes of illustration, one 
cell 12 of memory array 10 is shown in FIGURE 1 as being 
defined by a width 30 and a depth 32. Thus, as shown for 
example in FIGURE 1, each bit cell row 18 and strap cell 
row 20 includes six bit cells 26 and six strap cells 28, 
respectively. Each bit cell 26 and each strap cell 28 
2 5 includes one or more body regions, such as n-well and 

substrate regions. For example, in the embodiment shown 
in FIGURE 1, each bit cell 26 includes an n-well region 
34 formed in a substrate region, 36. N-well region 34 
may be formed from n-type silicon, and substrate region 
36 may be formed from p-type silicon. The n-well regions 
34 of adjacent cells 12 in each cell column 16 may be 
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coupled to form an n-well column 38 associated with each 

cell column 16. 

Each bit cell 26 also includes one or more circuit 
components, such as for example, transistors, capacitors, 
or resistors. In an embodiment in which memory array 10 
is a six-transistor SRAM array, each bit cell 26 includes 
six transistors (not expressly shown in FIGURE 1) . In 
this embodiment, two p-channel load transistors are 
disposed in n-well region 34 and four n-channel 
transistors, including two drive transistors and two 
pass-gate transistors, are disposed in substrate region 
36. The drive and load transistors form two inverters, 
wherein the output of each inverter is the input to the 
other inverter. The two pass-gate transistors are gated, 
or coupled, by one of the word lines 2 2 and each pass- 
gate transistor communicates the output of one of the 
inverters to one of the bit lines 24. Thus, in this 
embodiment, one word line 22 and two bit lines 24 are 
associated with each bit cell 26. Word lines 22 and bit 
lines 24 are coupled to the various transistors of bit 
cells 26 by conductive contacts 40, which may include 
various types of electrically conductive contacts such 
as, for example, metal interconnects or vias . 

Memory array 10 further includes a plurality of low 
power supply lines 42 and high power supply lines 44 
coupled to cells 12 via conductive contacts 40. Low 
power supply line 4 2 supplies a low power voltage 
potential (V 3S _ a rray) to memory array 10, while high power 
supply line 44 supplies a high power voltage potential 
(V dd _ array ) to memory array 10. In one embodiment, low 
power supply line 4 2 supplies a low power voltage 
potential (V ss _ array ) to an active source region of at least 
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one n-channel transistor in each bit cell 26, while high 
power supply line 44 supplies a high power voltage 
potential (V dd _ ar ray) to an active source region of at least 
one p-channel transistor in each bit cell 26. In 
addition, memory array 10 may be disposed in a logic 
circuit or some other peripheral circuit that has a low 
power supply voltage (V ss _p e ri P herai) and a high power supply 
voltage (V dd _p e ri P herai) . In one embodiment, V gs _ array and 
V dd arr ay are substantially the same as V S5 _p e ripherai and 
V dd _peri P herai , respectively. In some embodiments, V ss _ arr ay 
and/or V dd _a rr ay may be separate and different from 
V ss _peri P herai and/or V dd _p e ri P herai , as discussed in greater 
detail below with reference to FIGURES 2 and 3. 

Strap cell rows 20 may be disposed in memory array 
10 such that each strap cell row 20 is adjacent at least 
one bit cell row 18. In the embodiment shown in FIUGRE 
1, n-well columns 38 run generally parallel to bit lines 
24, which allows a relatively wide spacing of strap cell 
rows 20, which may reduce the cost of including strap 
cells in a memory array. For example, strap cell rows 20 
may be disposed in memory array 10 at every 64 to 72 rows 
of memory array 10. In other words, in this embodiment, 
strap cell row 20 may be spaced such that consecutive 
strap cell rows 20 are separated by 64 to 72 bit cell 
rows 1 8 . 

Each strap cell 28 may include a substrate region 46 
and an n-well region 48 formed in substrate region 46. 
Strap cells 28 may "mimic," or in other words have a 
substantially similar structure to, bit cells 26. In 
particular, strap cells 28 may have substantially similar 
dimensions, such as cell width, depth and height, as bit 
cells 26. In one embodiment, strap cells 28 and bit 
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cells 26 have a substantially similar structure for 
processing and optical reasons, such as for optical 
proximity correction. Regarding processing, the 

densities of geometries being etched influences etch 
rates, and an isolated structure may etch differently 
than a structural array. Thus, greater uniformity among 
bit cells and strap cells in a memory array results in a 
higher quality manufacture. Regarding optics, with small 
geometries there may be scattering of light around 
regions being patterned, and thus exposure of one pattern 
may affect other patterns. Due to this phenomenon, if 
the structure of a strap cell is different than that of a 
neighboring bit cell, the formation of transistors in the 
neighboring bit cell may be affected in an undesired 
manner . 

One or more offset, or well, voltage supply lines 
may be coupled to strap cells 12 via conductive contacts 
40. In one embodiment, memory array 10 includes a 

substrate power supply line 50 which applies a substrate 
voltage potential (V substra te) to substrate region 46, and 
an n-well power supply line 52 which applies an n-well 
voltage potential (V n . we ii) to n-well region 48. Since 
each strap cell row 20 is adjacent one or more bit cell 
rows 18, substrate region 46 and n-well region 48 of each 
strap cell 28 may be conductively coupled to substrate 
region 36 and n-well region 34 of one or more bit cells 
26. Thus, the substrate voltage potential <V gubst rate) may 
propagate from substrate regions 46 of strap cells 28 to 
substrate regions 36 of neighboring bit cells 26. 
Similarly, the n-well voltage potential (V n . we ii) may 
propagate from n-well regions 48 of strap cells 28 to n- 
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well regions 34 of neighboring bit cells 26, and so on, 
along each n-well column 38. 

In one embodiment, the substrate voltage potential 
(V sub s t rat e ) is offset from the low power voltage potential 
(V ss _array) , and the n-well voltage potential (V n _ we ii) is 
offset from the high power voltage potential (V dd _ a rray) ■ 
Thus, V substr ate and V n - we n may be referred to as offset, or 
well, voltages. In this manner, as many as four 

different voltages (V ss _ arra y, V dd _ ar ra y , V subst rate, and V n -„ e ii) 
may be maintained separately, and isolated from each 
other, in each bit cell 26. This is discussed in greater 
detail below with reference to FIGURE 2. 

One or more controllers 54 may be used to control 
the various supply voltages (V s3 _ ar ray, V dd _ ar rayr Vsubstrate/ and 
V n _ we ii) such as to achieve desired relationships between 
the voltages during one more modes of bit cell 2 6 or 
memory array 10, such as a standby mode and an active 
mode. In one embodiment, one or more of the various 
supply voltages are controlled by an external input using 
one or more controllers 54 coupled to memory array 10, as 
shown in FIGURE 1. In another embodiment (not expressly 
shown) , memory array 10 includes one or more such 
controllers 54. Controllers 54 may include any suitable 
hardware and/or software for controlling one or more of 
the various voltages, for example as described below with 
respect to FIGURE 3, without departing from the scope of 
the present invention. 

FIGURE 2 is a diagrammatic, cross- sect ional , side 
view of a portion of a bit cell in accordance with an 
embodiment of the present invention. As discussed above, 
each bit cell 26 may include a plurality (for example, 
four or six) of transistors. FIGURE 2 illustrates a 
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cross-section of an n-channel transistor 60 and a p- 
channel transistor 62 disposed in a particular bit cell 
26. 

It should be noted that FIGURE 2 is only an 
illustrative representation of an n-channel transistor 
and a p-channel transistor in a bit cell, and that the 
transistors in bit cell 26 may be otherwise oriented or 
positioned. In particular, in the embodiment shown in 
FIGURES 4 and 4a, the n-channel and p-channel transistors 
in bit cell 26 are not aligned side-by-side as shown in 
FIGURE 2 . 

According to FIGURE 2, n-channel transistor 60 is 
disposed in substrate region 36, and may include an n- 
channel source 64 and an n-channel drain 66 formed by 
known doping methods, and a gate 68. A conductive power 
supply contact 78 may couple n-channel source 64 with low 
power supply line 42 providing an electrical path for low 
power supply line 42 to apply the low power voltage 
potential <V S3 _ a rray) to n-channel source 64. 

P-channel transistor 62 is disposed in n-well region 
34, which may be an n-type well formed within substrate 
region 36. In addition, n-channel transistor 60 and p- 
channel transistor 62 may be separated by one or more 
non-conducive isolation regions 70. P-channel transistor 
62 may include a p-channel source 72 and a p-channel 
drain 74 formed by known doping methods, and a gate 76. 
A conductive power supply contact 80 may couple p-channel 
source 72 with high power supply line 44 providing an 
electrical path for high power supply line 44 to apply 
the high power voltage potential (V dd _ a rray) to p-channel 
source 72 . 



ATTORNEY'S ^JkET 

TI -32107 (0323 50. B3 69) 



Pi^WjT APPLICATION 



14 



10 



FIGURE 3 is a diagrammatic, cross- sectional , side 
view of a portion of a strap cell 28 adjacent the bit 
cell 2 6 shown in FIGURE 2 in accordance with an 
embodiment of the present invention. As discussed above, 
substrate region 46 and n-well region 48 of strap cell 28 
may be coupled to substrate region 36 and n-well region 
34 of one or more adjacent bit cells 26, such as for 
example bit cell 26 shown in FIGURE 2. 

It should be noted that FIGURE 3 is only an 
illustrative representation of a portion of a strap cell, 
and that the components of the strap cell may be 
O otherwise sized, spaced, or configured. In particular, 

y in the embodiment shown in FIGURES 5 and 5a, the two 

9 contact regions (specified below as n-well contact region 

fU 15 100 and substrate contact region 102) in strap cell 28 

X J* are not in the same proportion as shown in FIGURE 3 . 

I=* in one embodiment, strap cell 2 8 does not include 

transistors. An n-well contact region 100 may be 
disposed in n-well region 48 where p-channel transistor 
S 20 62 is located in bit cell 26. N-well contact region 100 

may comprise an n + implant. Similarly, a substrate 
contact region 102 may be disposed in substrate region 46 
where n-channel transistor 60 is located in bit cell 26. 
Substrate contact region 102 may comprise a p + implant. 
25 A conductive substrate supply contact 104 may couple 

substrate region 46 (in particular, substrate contact 
region 102) with substrate power supply line 50, thereby 
providing an electrical path for substrate power supply 
line 50 to apply the substrate voltage potential 
30 (V sub9tra te) to substrate region 46. Similarly, a 

conductive n-well supply contact 106 may couple n-well 
region 48 (in particular, n-well contact region 100) with 
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n-well power supply line 52, thereby providing an 
electrical path for n-well power supply line 52 to apply 
the n-well voltage potential (V n . we ii) to n-well region 48. 

As discussed above with reference to FIGURE 1, since 
substrate region 46 may be coupled to substrate region 36 
of adjacent bit cell 26 shown in FIGURE 2, the substrate 
voltage potential (V subst rate) may propagate from substrate 
power supply line 50 to substrate region 46 to substrate 
region 36 of bit cell 26. Similarly, since n-well region 
48 may be coupled to n-well region 34 of adjacent bit 
cell 26 shown in FIGURE 2, the n-well voltage potential 
(V n _ W eii) may propagate from n-well power supply line 52 to 
n-well region 48 to n-well region 34 of bit cell 26. 

Thus, in the embodiment shown in FIGURE 2, bit cell 
26 may maintain up to four voltages (V ss _ ar ray/ V dd _ arr ay, 
V substra te, and V n _ we ii>, each separate and isolated from the 
other voltages. In one embodiment, one well voltage, 
V subgtra te or V n _ we n, is applied to bit cell 26, while in 
another embodiment, both well voltages, V subs trate and V n - 
we ii, are applied to bit cell 26. Leakage energy 

dissipation, or leakage current (which may be referred to 
as quiescent current, or IDDQ) , associated with memory 
array 10 may be decreased generally by reducing the 
voltage across memory array 10. For example, the voltage 
across memory array may be reduced by lowering V dd _ array 
with respect to V ss _ array and/or raising V ss _ array with respect 
to V dd _ array . In addition, leakage current may be further 
reduced by selecting or controlling the relationship 
between V 8S _ array and V 3Ub3Crate and/or the relationship 
between V dd _ array and V n _ we ii, as discussed below. 

As discussed above with reference to FIGURE 1, 
memory array 10 may be disposed in a logic circuit and 
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V ss _array and V dd _ ar ray may be substantially the same as the 
low and high power supplies applied to the peripheral 
circuit, namely V ss _p e ripherai and V dd _peri P herai , respectively. 
In some embodiments, V ss _ array and V dd _ array may be controlled 

Separately from V ss _ p eripheral and V dd _p e ri P heral • In one 

embodiment, V ss _ array and V dd _ array/ are only temporarily 
different from V ss _p e ri P herai and V dd _ pe ri P herai / respectively. 
In particular, V ss _ array and V ddarray may be different from 
Vss.peripherai and V dd _ pe ripherai , respectively, when bit cell 26 
(or memory array 10) is in a standby (or inactive) mode, 
but not when bit cell 26 is in an active (or operational) 
mode. For example, it may be desirable to maintain 

V ss _ ar ray and V dd _ ar ray equal tO V ss _p e ripheral and V dd _peripheral , 

respectively, during an active mode in order to obtain a 
desired performance or output from memory array 10. It 
may be less important to maintain V ssarray and V dd _ arr a y equal 
to V ss _ periph erai and V^eripherai. respectively, during a 
standby mode since a particular read current is not 
required, and the probability of a cell upset is lower 
when the cell is not being accessed. In particular, it 
may be desirable to reduce the voltage across memory 
array 10 by increasing V 33 _ array and/or decreasing V dd _ array 
during the standby mode in order to reduce leakage 
current in memory array 10. 

In addition, the well voltages (V subst rate or V n _ we ii) 
may be different than the power supply voltages (V ss _ array 
or V dd _ array ) applied to the transistor disposed within the 
well regions at least during the standby mode of bit cell 
2 6 (or memory array 10) . For example, V sui3St rate may be 
different than V sg _ array , and V n . we ii may be different from 
V dd _ array in bit cell 26. These voltage relationships may 
be selected or controlled in order to produce a desired 
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back bias on the transistors in bit cell 26, which may 
provide desired threshold voltages (V th ) which may reduce 
leakage energy dissipation, or leakage current, in memory 
array 10. 

For example, in one embodiment, V subst rate is less than 
V ss _array, which results in a different back bias of n- 
channel transistor than if V subst rate was equal to V ss _ ar ray. 
This back bias may provide a higher threshold voltage 
(V th ) of n-channel transistor 60 than if V 3U bstrate were 
equal to V 9S _ a rray, which may result in decreased leakage 
M current associated with n-channel transistor 60. In 

another embodiment, V n - W eii is greater than V dd _ array , which 
results in a different back bias of p-channel transistor 
62 than if V n _ wel i were equal to V ss _ ar ray. This back bias 
15 may provide a higher threshold voltage (V th ) of p-channel 

transistor 62 than if V n _ we ii were equal to V dd _ array , which 
may result in decreased leakage current associated with 
M p-channel transistor 62. In another embodiment, V sub strate 

p is less than V ss _ array and V n .„ e ii is greater than V dd _ arra y 

2 0 In one embodiment, the well voltages V aubstrat e and V n . 

we n are maintained substantially the same as the low and 
high peripheral circuit supply voltages V ss _ pe ripherai and 
V dd _peri P herai, respectively, at least during the standby mode 
of bit cell 26 (or memory array 10) . In this embodiment, 
2 5 the power supply voltages V ss _ array and V dd _ array may be 

maintained and controlled separately from the well 
voltages V substrat e and V n - we ii, respectively. 

Power supply voltages, V ss _ ar ra y and V dd _ ar ray/ may be 
only temporarily different from their respective well 
voltages, V substrate and V n . we ii. In particular, power supply 
voltages may be different from their respective well 
voltages when bit cell 26 (or memory array 10) is in a 
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standby (or inactive) mode, but not when bit cell 26 is 
in an active (or operational) mode. For example, it may 
be desirable to maintain V ss _ arr ay and V dd _ a rray equal to 
V subs trate and V n _ we ii, respectively, or to maintain V gs _ a rray and 
V dd _ array equal to V ss _p e ripherai and V dd _ P eripherai, respectively, 
during an active mode in order to obtain a desired 
performance or output from memory array 10. It may be 
less important to maintain V ss _ arr ay and V dd _ arr ay equal to 
V SU bs t rate and V n . we ii, respectively, or to maintain V sg _ arr ay and 
V dd _ ar ray equal to V 3S _p e ripherai and V dd _peri P herai , respectively, 
during a standby mode since a particular read current is 
not required and the cell is more stable when it is not 
being accessed. In particular, it may be desirable to 
reduce the voltage across memory array 10 by increasing 
V 5S _ array and/or decreasing V dd _ array during the standby mode 
in order to reduce leakage current in memory array 10. 
In addition, the well voltages V subs trate and V n -„ e ii may be 
controlled or maintained such that latch-up and cell 
upsets may be reduced or minimized during the active 
and/ or standby modes . 

FIGURES 4 and 4a are top plan views illustrating 
various layers of bit cell 26 in accordance with an 
embodiment of the present invention. In particular, 
FIGURE 4 illustrates a substrate/well layer and a first 
conductive, or metalization, layer of bit cell 26. Bit 
cell 26 shown in FIGURE 4 is a six- transistor SRAM cell 
defined by a bit cell boundary 140 and includes n-well 
region 34 formed in substrate region 36. N-well region 
34 is defined by n-well boundary 142. 

Bit cell 26 includes several transistor gate poly 
lines 144 and several active regions 146. Each of six 
transistors is formed where one of the gate poly lines 
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144 crosses one of the active regions 146. The six 
transistors include two p-channel load transistors 148 
and 150 formed in n-well region 34, two n-channel drive 
transistors 152 and 154 formed in substrate 36, and two 
5 n-channel pass-gate transistors 156 and 158 formed in 

substrate 36. Load transistors 148 and 150 include 
active source regions 160 and 162, ' respectively. 
Similarly, drive transistors 152 and 154 include active 
source regions 164 and 166, respectively. A plurality of 
10 contacts 170 connect various gate poly lines 144 and 

u active regions 146 with each other and with a plurality 

P 0 f interconnects 172 disposed in a first conductive, or 

O 

iy metalization, layer. 

«3 FIGURE 4a illustrates the first conductive layer of 

fU 15 bit cell 26 as shown in FIGURE 4, along with a second and 

a third conductive, or metalization, layer. The first 
conductive layer may be connected to the second 
conductive layer by a plurality of first vias 174, and 
the second conductive layer may be connected to the third 
H 20 conductive layer by a plurality of second vias 176. 

The second conductive layer may include word line 2 2 
that couples pass-gate transistors 156 and 158 (which are 
shown in FIGURE 4) . The second conductive layer may also 
include one or more interconnects 178 used to route 
25 electrical currents in memory array 10. The third 

conductive layer may include one or more bit lines 24 
coupled to pass-gate transistors 156 and 158 (which are 
shown in FIGURE 4) . Bit lines 24 receive output from the 
inverters formed by each pair of load and drive 
30 transistors (i.e., transistor pair 148 and 152, or 150 

and 154) . 
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The third conductive layer may include at least one 
low power supply line 42 and at least one high power 
supply line 44. FIGURES 4 and 4a, viewed together, 
illustrate that high power supply line 44 may be coupled 
(using contacts, vias and/or interconnects) to active 
source regions 160 and 162 of load transistors 148 and 
150, respectively. Thus, high power supply line 44 can 
supply the high power voltage (V dd _ a rray) to memory array 
10. FIGURES 4 and 4a, viewed together, also illustrate 
that each low power supply line 42 may be coupled (using 
contacts, vias and/or interconnects) to active source 
regions 164 and 166 of drive transistors 152 and 154, 
respectively. Thus, low power supply line 4 2 can supply 
the low power voltage (V ss _ array ) to memory array 10. 
According to the embodiment shown in FIGURE 4a, each low 
power supply line 42 runs along an edge of bit cell 
boundary 140 and is shared by two adjacent bit cells 26. 

FIGURES 5 and 5a are top plan views illustrating 
various layers of strap cell 28 in accordance with an 
embodiment of the present invention. In particular, 
FIGURE 5 illustrates a substrate/well layer and a first 
conductive, or metali zat ion, layer of strap cell 28. 
Strap cell 28 is defined by strap cell boundary 200. As 
discussed above with reference to FIGURE 3, strap cells 
28 may "mimic" adjacent or nearby bit cells 26. For 
example, as shown in FIGURE 5, strap cell 28 may include 
poly lines 214 similar to transistor gate poly lines 144 
of bit cells 26 (see FIGURE 4) even though strap cell 28 
includes no functioning transistors. In addition, strap 
cell 28 may have a metal density substantially similar to 
the metal density of adjacent or nearby bit cells 26. 
Further, the height of strap cells 28 may be similar to 
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that of adjacent or nearby bit cells 26. However, in 
some embodiments in which the height of strap cell 28 is 
not substantially similar to that of adjacent or nearby 
bit cells 26, the geometries of strap cell 28 and 
adjacent or nearby bit cells 26 are sufficiently similar 
to provide a similar environment for lithography and 
processing of the adjacent or nearby bit cells 26. 

Strap cell 28 includes substrate region 46 and an n- 
well region 48 formed in substrate region 46. N-well 
region 48 is defined by n-well boundary 202. Strap cell 
28 also includes the n-well contact region 100 and 
substrate contact regions 102, as discussed above with 
reference to FIGURE 3 . In the embodiment shown in FIGURE 
5, n-well contact region 100 and substrate contact 
JU 15 regions 102 are active regions that are used as n-well 

7~ and substrate contacts, respectively. 

If A plurality of contacts 208 connect various active 

regions 210 with a plurality of interconnects 212 
disposed in a first conductive, or metal i zation, layer, 
i* 20 Contacts 208 include substrate supply contacts 104 

coupled to substrate contact regions 102 and an n-well 
supply contact 106 coupled to n-well contact region 100 
(see FIGURE 3 for additional reference) . 

In the embodiment shown in FIGURE 5, n-well power 
25 supply line 52 is formed in the first conductive layer. 

In particular, n-well power supply line 52 may be formed 
by connecting conductive elements in the first conductive 
layer. N-well supply contact 106 electrically couples n- 
well contact region 100 with n-well power supply line 52. 
Further, n-well contact region 100 is electrically 
coupled to n-well region 48 (see FIGURE 3), and n-well 
region 48 is coupled to n-well region 34 of bit cell 26 
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(see FIGURE 1) . Thus, n-well power supply line 52 may 
apply n-well voltage potential (V n . we ii) to n-well region 
34 of bit cell 26 via n-well supply contact 106 and n- 
well contact region 100. 

FIGURE 5a illustrates the first conductive layer of 
strap cell 28 as shown in FIGURE 5, along with a second 
and a third conductive, or metali zation, layer. The 
first conductive layer may be connected to the second 
conductive layer by a plurality of first vias 220 and the 
second conductive layer may be connected to the third 
\* conductive layer by a plurality of second vias 222. 

■i The second conductive layer may include the 

substrate power supply line 50 and a plurality of second 
It layer interconnects 224. Substrate power supply line 50 

15 may be located generally where word line 22 is located 

with reference to bit cell 26 shown in FIGURES 4 and 4a. 
FIGURES 5 and 5a, viewed together, illustrate that 
W substrate power supply line 50 may be coupled to 

substrate contact regions 102 by a combination of 
contacts, vias and/or interconnects, including substrate 
supply contacts 104. Further, substrate contact region 
102 may be electrically coupled to substrate region 46, 
and substrate region 4 8 may be coupled to substrate 
region 36 of bit cell 26 shown in FIGURES 4 and 4a. 
2 5 Thus, substrate power supply line 5 0 can apply substrate 

voltage potential (V sub3tra te) to substrate region 3 6 of bit 
cell 26 via substrate supply contacts 104 and substrate 
contact regions 102. 

Like the third conductive layer of bit cell 26, the 
third conductive layer of strap cell 2 8 may include bit 
lines 24 and low and high power supply lines 42 and 44. 
Thus, bit lines 24 and power supply lines 42 and 44 may 
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run above or through both bit cells 26 and strap cells 28 
of a particular cell column 16. Other techniques or cell 
configurations may be used to conduct V n - we ii and/or 
V subst rate to the n-well and substrate regions. For 
example, in one embodiment the strap cell includes a 
conductive interconnect line similar to the word lines in 
nearby bit cells, wherein the interconnect line may be 
used to apply an n-well voltage potential (V n - we ii) to the 
n-well region of the strap cell and adjacent bit cells. 
In another embodiment, the strap cell has a greater 
height than nearby bit cells and comprises two conductive 
interconnect lines similar to the word lines in nearby 
bit cells, wherein one of the two interconnect lines 
conducts an n-well voltage potential (V n _ we ii) to the n- 
well region and the other conducts a substrate voltage 
potential (V subst rate) to the substrate region. 

FIGURE 6 illustrates a method of reducing leakage 
current in a memory array in accordance with an 
embodiment of the present invention. At step 250, a 
memory array, such as for example memory array 10, 
comprising a bit cell and a strap cell is provided. The 
memory array may be an array of RAM, SRAM, ROM, PROM, 
EPROM, EPROM/Flash, or DRAM cells, or any other type of 
memory array without departing from the present 
invention. In one embodiment, the memory array is a six- 
transistor SRAM array. 

The memory array may comprise a plurality of bit 
cell rows and a plurality of strap cell rows disposed in 
the memory array at regular intervals. In particular, 
the memory array may comprise a strap cell row disposed 
at every 64 to 72 rows of the memory array, as discussed 
above with respect to FIGURE 1. The bit cell may 



ATTORNEY ' ^^CKET 

TI -32107 (OT2350 -B3 69) 



ENT APPLICATION 



24 



10 

□ 

u 



comprise an n-well region disposed in a substrate region. 
The n-well region may be formed from n-type silicon, and 
the substrate region may be formed from p-type silicon. 
The bit cell may further comprise a p-channel transistor 
disposed in the n-well region and an n-channel transistor 
disposed in the substrate region. Each transistor may 
include an active source region and an active drain 
region. Like the bit cell, the strap cell may comprise 
an n-well region disposed in a substrate region. In 
addition, the strap cell may "mimic," or have a geometry 
similar to, the bit cell, as described above regarding 
strap cell 28 and bit cell 26 with reference to FIGURE 1. 
At step 2 52, a high power voltage potential (V dd _ ar ray) 
applied to an active region of the p-channel 
r y 15 transistor. At step 254, a low power voltage potential 

(V ss array) is applied to an active region of the n-channel 
transistor. In one embodiment, V dd _arra y is applied to the 
iy source region of the p-channel transistor and V as _ a rra y is 

□ applied to the source region of the n-channel transistor. 

20 At step 256, an n-well voltage potential (V n _ we ii) is 

applied to the n-well region of the bit cell via the n- 
well region of the strap cell. In one embodiment in 
which the n-well regions of the strap cell and bit cell 
are conductively coupled, V n _ we ii is applied to the n-well 
25 region of the strap cell and propagates to the n-well 

region of the bit cell. In one embodiment, V n -weii is 
greater than V dd _ ar ray which creates a back bias on the p- 
channel transistor, thereby increasing the threshold 
voltage (V th ) of the p-channel transistor and reducing the 
leakage current of the memory array. In a particular 
embodiment, V n _ we ii is greater than V dd _ array when the bit 
cell (or memory array) is in a standby mode, but not when 
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the bit cell is in an active mode. In another 

embodiment, V n _ wel i is greater than V dd _ ar ray during the 
standby mode and the active mode of the bit cell (or 
memory array). In another embodiment, the memory cell is 
disposed in a peripheral circuit, such as a logic 
circuit, and V„-„u is substantially the same as the high 
power supply voltage applied to the peripheral circuit 

Vdd_peripheral ■ 

At step 258, a substrate voltage potential (V sub strate) 
is applied to the substrate region of the bit cell via 
the substrate of the strap cell. In one embodiment in 
which the substrate regions of the strap cell and bit 
cell are conductively coupled, V sub3tra te is applied to the 
substrate region of the strap cell and propagates to the 
substrate region of the bit cell. In one embodiment, 
V substra te is less than V sgarray which creates a back bias on 
the n-channel transistor, thereby increasing the 
threshold voltage (V th ) of the n-channel transistor and 
reducing the leakage current of the memory array. In a 
particular embodiment, V sub3t rate is less than V ga _ array when 
the bit cell (or memory array) is in a standby mode, but 
not when the bit cell is in an active mode. In another 
embodiment, V substrat e is less than V gs _ array during the 
standby mode and the active mode of the bit cell (or 
memory array) . In another embodiment, the memory cell is 
disposed in a peripheral circuit, such as a logic 
circuit, and V substrate is substantially the same as the low 
power supply voltage applied to the peripheral circuit, 
V as _peripherai ■ It should be noted that the various voltages 

(V gs _ array , V dd _ array , V 9S _peri P heral/ V dd _p e ripheral , V gubgt rate, and V„- 

weii) may be otherwise related, for example as described 
above with respect to FIGURES 1-3, without departing from 
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the scope of the present invention. It should also be 
noted that in some embodiments only one of V sub strate or V n . 
wen is applied to bit cells 26. Also, in some 

embodiments, only one of V subgt rate or V n . we ii is separate 
from V gs _array and V dd _ array , respectively. 

At step 260, one or more of the voltages V ss _ arr ay/ 
V dd _array, V n _ we ii and V substra te are controlled in order to 
achieve desired relationships between the voltages during 
one more modes of the bit cell (or memory array) , such as 
a standby mode and an active mode. One or more of the 
^ various voltages (V ss _ ar ray, V dd _ ar ray, V subst rate/ and V n -weii) may 

□ be controlled using a controller, such as for example 

controller 54 discussed with reference to FIGURE 1. In 
addition, the various voltages may be controlled in any 
15 suitable way for reducing leakage current in the memory 

array, for example as described above with respect to 
FIGURES 1-3, without departing from the scope of the 

ru 

Ly present invention. 

£ Although an embodiment of the invention and its 

P 20 advantages are described in detail, a person skilled in 

the art could make various alternations, additions, and 
omissions without departing from the spirit and scope of 
the present invention as defined by the appended claims. 



